AbstrAct: Global guidelines for the management of locally advanced or metastatic hormone receptor-positive (HR-positive), human epidermal growth factor 2-negative (HER2-negative) breast cancer recommend endocrine therapy as first-line treatment for all patients, regardless of age or postmenopausal status. However, current practice patterns in the United States and Europe suggest that these modes of therapy are not being used as recommended, and many patients with advanced HR-positive, HER2-negative disease are being treated first-line with chemotherapy or switched to chemotherapy after a single endocrine therapy. Given that chemotherapy is associated with increased toxicity and reduced quality of life (QOL) compared with endocrine therapy, prolonging the duration of response obtained with endocrine therapy may help delay chemotherapy and its attendant toxicities. Several strategies to delay or overcome endocrine resistance and thereby postpone chemotherapy have been explored, including the use of second-line endocrine agents with different mechanisms of action, adding targeted agents that inhibit specific resistance pathways, and adding agents that act in complementary or synergistic ways to inhibit tumor cell proliferation. This review analyzes the different therapy options available to HR-positive, HER2-negative patients with advanced breast cancer that can be used to delay chemotherapy and enhance QOL.
Introduction
Breast cancer is the most common cancer in women globally, with an estimated 1.67 million newly diagnosed cases and 522,000 related deaths in 2012 alone. 1 It is the leading cause of cancer death among women in less developed countries and the second highest cause of cancer-related deaths (after lung cancer) among women in more developed countries. 1 In the United States, an estimated 231,840 new cases of breast cancer will be diagnosed in 2015 and an estimated 40,290 women will die from their disease. 2 At diagnosis, most cases of breast cancer are invasive and have spread beyond the ductal or glandular walls into the surrounding breast tissue. 3 Although the majority of breast cancers are diagnosed at early stages, ∼5%-10% of women have metastatic disease at the time of diagnosis. 4 Five-year survival rates depend on disease stage at diagnosis; the 5-year survival rate for patients with localized disease is ∼100%, but it is only ∼25% for those with distant (metastatic) disease. 3, 5 In addition, ∼30% of women diagnosed with early stage breast cancer will go on to develop advanced or metastatic disease despite treatment. 6 Treatment options for breast cancer have expanded considerably in the past decade due to a greater understanding of the molecular mechanisms underlying specific subtypes of breast tumors and the development of targeted agents for those specific subtypes. 7, 8 Treatment options include endocrine therapies, different types of chemotherapy, and radiation therapy. Although radiation therapy is sometimes used to treat the symptoms of advanced breast cancer, 3 the use of endocrine therapies and chemotherapy is more common. The choice of treatment for breast cancer depends on several patient-related factors (eg, age and menopausal status) and cancer-specific factors, such as tumor size, lymph node involvement, and molecular subtype (eg, estrogen receptor [ER] positive or negative and human epidermal growth factor receptor 2 [HER2] positive or negative). 9 Brufsky occurring in ∼15%-23% of patients. 11 The vast majority of breast cancer patients are HR-positive, HER2-negative. A study of 1134 breast cancer patients confirmed that HRpositive, HER2-negative was the most common type of breast cancer, with 68.9% of patients forming this subgroup. 12 For patients with HR-positive disease, the National Comprehensive Cancer Network (NCCN) guidelines recommend adjuvant endocrine therapy, regardless of patient age, lymph node status, menopausal status, HER2 status, or whether adjuvant chemotherapy is to be administered. 9 For patients with early breast cancer who are postmenopausal at diagnosis, the NCCN guidelines recommend the use of aromatase inhibitors (AIs) as initial adjuvant therapy for 5 years or tamoxifen for several years followed by AI therapy. 9 The use of tamoxifen alone is reserved for those patients who decline or have contraindications to AI treatment. 9 For patients with HR-positive advanced (metastatic) breast cancer, endocrine therapy is the recommended first-line treatment. 9 Endocrine therapy options for postmenopausal patients include third-generation AIs (ie, anastrozole, letrozole, and exemestane), selective ER modulators (ie, tamoxifen and toremifene), ER downregulators (fulvestrant), or hormonal therapy (ie, androgens, high-dose estrogen, or progestin). 9 In premenopausal patients, endocrine therapy options include selective ER modulators, luteinizing hormone-releasing hormone agonists, or hormonal therapy. 9 The combination of endocrine therapy plus ovarian ablation or suppression is appropriate in premenopausal patients as well. 9 AI therapy has been shown to provide a survival benefit versus tamoxifen in patients with advanced breast cancer. In a meta-analysis of randomized trials, patients with advanced breast cancer receiving a third-generation AI in the first-, second-, or subsequent-line setting had a statistically significant survival benefit versus those who received therapy with tamoxifen or a progestational agent (hazard ratio for death, 0.87; 95% confidence interval [CI], 0.82-0.93). 13 Despite a number of head-to-head studies, there is little evidence to support the use of one third-generation AI over another for the first-line treatment of advanced or metastatic breast cancer. 14, 15 A phase 2 trial of 205 patients with treatment-naive, HRpositive advanced breast cancer compared fulvestrant 500 mg to anastrozole 1 mg as first-line endocrine therapy. 16 Although the two regimens were found to be equivalent with regard to clinical benefit rate (CBR), fulvestrant therapy provided a significant time to progression (TTP) and overall survival (OS) benefit. Patients randomly assigned to receive fulvestrant had a 34% reduction in the hazard of progression versus those who received anastrozole (hazard ratio, 0.66; 95% CI, 0.47-0.92). 16 The median TTP was 23.4 months for fulvestrant versus 13.1 months for anastrozole. 16 In addition, patients treated with fulvestrant survived a median of 54.1 months compared with 48.4 months for those treated with anastrozole. 16 Fulvestrant was also associated with a 30% reduction in death (hazard ratio, 0.70; 95% CI, 0.50-0.98). 16 At the time of the analysis, 22 .5% of patients in the fulvestrant arm were alive versus 9.7% in the anastrozole arm. 16 Results from a phase 3 trial comparing these two regimens will help determine whether fulvestrant will become a first-line treatment for HR-positive advanced or metastatic breast cancer (NCT01602380). However, women with HR-positive breast cancers who respond to a first-line endocrine therapy and subsequently experience disease progression may benefit from additional lines of endocrine therapy. 9, 17 Guidelines and current Practice Patterns for chemotherapy Use in Hr-Positive Advanced breast cancer
According to the guidelines from the NCCN, the American Society of Clinical Oncology (ASCO), the European Society of Medical Oncology (ESMO), and Canadian institutions, cytotoxic chemotherapy should be considered as first-line treatment only for a small subset of patients with HR-positive advanced breast cancer, primarily those in symptomatic visceral crisis or those who have clear evidence of endocrine resistance. 4, 9, 18, 19 Approximately 20%-25% of HR-positive breast cancer patients receive upfront chemotherapy. 20 The NCCN guidelines recommend chemotherapy as an option for patients with HR-positive tumors who are refractory to endocrine therapy (ie, patients who do not respond to three sequential endocrine therapies) or as first-line consideration for patients with symptomatic visceral disease. 9 Similarly, the ASCO guidelines recommend that endocrine therapy, rather than chemotherapy, be used as standard first-line treatment for all patients with HR-positive advanced breast cancer and that chemotherapy be reserved for patients who have immediate life-threatening complications (eg, visceral crisis) or physicians' concerns about endocrine resistance. 18 The ASCO guidelines cite the superior toxicity profile and quality-of-life (QOL) benefits of endocrine therapy versus chemotherapy in their rationale for the recommendation. 18 Although metastatic breast cancer might progress rapidly and prove fatal if the disease is not responsive to endocrine therapy, the risk of this clinical scenario is thought to be low. 18 The ESMO guidelines are consistent with the NCCN and ASCO guidelines and recommend endocrine therapy as a first-choice treatment for HR-positive, HER2-negative disease, regardless of metastatic site, unless a rapid response is required or when there is clear evidence of endocrine resistance. 4 According to the ESMO guidelines, endocrine therapy, with its low attendant toxicity, can be given even in the case of limited visceral metastases or as maintenance therapy. 4 The ESMO guidelines state, however, that endocrine therapy and chemotherapy should not be given concomitantly. progression on a nonsteroidal AI (NSAI) or endocrine resistance, alternative endocrine options are recommended, including a trial of exemestane plus everolimus or exemestane or fulvestrant alone, if the exemestane/everolimus combination is not tolerated. 19 Exemestane plus everolimus is also recommended for many endocrine-resistant patients. 19 Because of the increased risk of serious adverse events (AEs) with everolimus plus exemestane, the use of a proactive toxicity management strategy is recommended to maximize clinical benefit. 19 The use of chemotherapy is limited to endocrine-resistant patients with symptomatic visceral disease. 19 Despite clear guidelines from institutions worldwide on the preferential use of multiple lines of endocrine therapy versus chemotherapy in patients with HR-positive advanced breast cancer, current practice patterns in the United States and Europe suggest that these modes of therapy are not being used as recommended. 21, 22 Reviews of practice patterns show that chemotherapy is still used as first-line treatment in a substantial portion of patients with HR-positive metastatic breast cancer. In Europe, a retrospective chart review of 355 postmenopausal women with HR-positive, HER2-negative advanced breast cancer found that 31% had received first-line chemotherapy, while 61% and 7% switched from hormone therapy to chemotherapy in the second and third lines, respectively. 23 A US retrospective chart review of 144 patients with HR-positive, HER2-negative advanced breast cancer found that 24% received first-line chemotherapy and 40% received only one line of endocrine therapy before receiving chemotherapy, despite guidelines that recommend endocrine therapy as second-line and subsequent therapy. 21 In this cohort, ,10% of the patients had three or more lines of endocrine therapy before receiving chemotherapy. 21 Treatment duration was longer for endocrine therapy than for chemotherapy in the first-line setting and decreased for both in the secondline setting. 21 Although the number of patients involved in the European and US retrospective chart reviews was small, the results indicate that the number of patients receiving firstline chemotherapy is unusually high.
benefits of delaying chemotherapy in Hr-Positive, Her2-Negative Advanced breast cancer
The guidelines recommending that endocrine therapy, and not chemotherapy, be used as first-line treatment for HRpositive advanced breast cancer are supported by both clinical evidence and patient-reported outcomes. A survey of 200 patients from the United States and 160 from the European Union who used either endocrine therapy or chemotherapy in the first-line setting for metastatic breast cancer found that those receiving endocrine therapy versus chemotherapy reported greater health-related QOL (HRQOL; P , 0.05), greater satisfaction with treatment, and better feelings about AEs (P , 0.001). 22 Those receiving endocrine therapy also reported fewer problems with treatment side effects (0-5 scale; P , 0.001) and less activity impairment than those receiving chemotherapy (P , 0.001). 22 Delaying chemotherapy in patients with HR-positive, HER2-negative advanced breast cancer may provide unquantifiable benefits for physicians and patients because it can help mitigate concerns about chemotherapy-related AEs, their management, and their impact on the patient. Using chemotherapy only after the failure of multiple lines of endocrine therapy is also consistent with global guidelines, which recommend using therapies with the optimal benefitto-risk ratio. 4, 9, 18, 19 Following appropriate prescribing guidelines (eg, timing, sequence, and indicated population) for endocrine therapy and chemotherapy may also help facilitate reimbursement from third-party payers. With the increased emphasis on considering patient-reported outcomes in the selection of treatment, physicians can be more confident that delaying chemotherapy is in line with patient preferences for a less toxic therapy that has a less negative impact on daily activities and QOL. A survey of 1342 women with metastatic breast cancer from 13 countries reported that the majority of patients had serious concerns related to their disease, including the fear of dying, possible treatment-related AEs, and deterioration in their QOL. 24 The importance of maintaining HRQOL cannot be overemphasized. Indeed, HRQOL is an important prognostic factor, with several HRQOL components, including role functioning, social functioning, fatigue, and appetite loss, having a significant association with treatment response.
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treatment options for delaying chemotherapy strategies to delay chemotherapy. Several strategies to extend the benefits of endocrine therapy and to help delay chemotherapy and its associated toxicities have been proposed (Table 1 ). The sequential use of endocrine therapies with different modes of action may help prolong the duration of response, reduce the risk of resistance, and delay the need for chemotherapy. 25 The available endocrine therapies all slow the growth and proliferation of tumor cells by interfering with estrogen-ER signaling, but they do so through different modes of action. 25 The NSAIs anastrozole and letrozole reversibly inhibit the enzyme aromatase, which catalyzes the synthesis of estrogen from adrenal androgens, the main source of estrogen in postmenopausal women. 25 The steroidal AI exemestane binds irreversibly to and inactivates aromatase. 25 There is evidence that NSAI-resistant tumors may not be entirely cross-resistant to exemestane. 26 The selective ER modulators such as tamoxifen and toremifene work by binding to the ER and blocking its interaction with estrogen and then blocking the proliferative action of estrogen on breast tissue. 25 Although selective ER modulators are antiestrogenic in breast tissue, they have estrogen agonist properties in endometrial tissue and bone. 25 Fulvestrant, an ER downregulator, binds to the ER and inhibits its dimerization, thereby preventing the ER from becoming transcriptionally active. 25 Fulvestrant also induces the rapid turnover and degradation of the ER. 25 Unlike tamoxifen or toremifene, fulvestrant is a pure estrogen antagonist. 25 Patients may not respond to first-line or subsequent endocrine therapy due to intrinsic or acquired resistance. 25 The tumor may develop resistance to a specific endocrine therapy but still remain ER and estrogen dependent; in this case, a switch to an endocrine agent with a different mode of action may restore tumor sensitivity. 25 In other cases, the ER may be activated independent of estrogen binding; agents such as AIs, which reduce estrogen levels, would not be expected to be effective, but other agents directed at the ER, such as fulvestrant, might have activity. 25 Some tumors may develop resistance by activating growth factor receptor (GFR) pathways, leading to the expression of ER target genes independent of estrogen or the ER. 25 For these estrogen-independent, ER-independent tumors, estrogen-and ER-directed therapies are not likely to be effective. In these cases, combining endocrine therapy with agents that target specific GFR pathway components may help overcome resistance. 25, 27 Patients who have progressive disease after treatment with multiple endocrine therapies are likely to need chemotherapy to control disease progression. 28 Chemotherapy should also be chosen over endocrine therapy if the disease is clinically aggressive and a quicker response to control progression is required. 28 Although chemotherapy is an effective choice of treatment, the side effects and associated toxicities have been shown to potentially reduce QOL.
types of Therapy endocrine therapies. Endocrine therapies are established treatments used for patients with advanced or metastatic breast cancer, although endocrine resistance can be a problem. One way to overcome resistance to AI therapy is to switch to an endocrine agent or agents with a different mechanism of action. In a double-blind, randomized, placebo-controlled trial of fulvestrant versus exemestane in postmenopausal women with HR-positive advanced or metastatic breast cancer who had progressed on AI therapy, the two agents were not significantly different with respect to median TTP or CBR. 26 Median TTP was 3.7 months in both groups (hazard ratio, 0.963; 95% CI, 0.819-1.133; P = 0.6531), and the CBR was 32.2% and 31.5% (P = 0.853) in the fulvestrant and exemestane groups, respectively. 26 Both agents were well tolerated, and the most common treatment-related AEs with both agents were hot flashes, injection site pain, nausea, and fatigue. 26 In addition, a phase 3 study of fulvestrant 500 mg versus 250 mg in patients who experienced progression after prior endocrine therapy found a significant increase in progressionfree survival (PFS; 6.5 months vs 5.5 months; hazard ratio, 0.80; 95% CI, 0.68-0.94; P = 0.006) and OS (26.4 months vs 22.3 months; hazard ratio, 0.81; 95% CI, 0.69-0.96; P = 0.02) with the 500 mg versus 250 mg dose, respectively. 29, 30 AEs were similar between the two dose groups. 29, 30 In the SoFEA randomized, multicenter, phase 3 study, fulvestrant plus anastrozole, fulvestrant plus placebo, and exemestane alone were compared in 723 postmenopausal patients with locally advanced or metastatic HR-positive breast cancer who had progressed or relapsed on NSAI therapy. 31 The study found no differences between fulvestrant 250 mg plus anastrozole, fulvestrant plus placebo, or exemestane alone. Median PFS was 4.4 months (95% CI, 3.4-5.4) in the fulvestrant plus anastrozole group, 4.8 months (95% CI, 3.6-5.5) for fulvestrant plus placebo, and 3.4 months (95% CI, 3.0-4.6) for exemestane alone. 31 The most common AEs were lethargy, arthralgia, and nausea and vomiting; grade 3/4 AEs were rare. 31 The frequency of dyspnea and pain were higher in the fulvestrant arm than in the fulvestrant-anastrozole arm, but no other differences in AE rates were observed. 31 In a phase 2 trial in postmenopausal patients with HRpositive advanced or metastatic breast cancer, the combination of fulvestrant plus exemestane did not improve overall clini cal benefit compared with that seen with single-agent fulvestrant or exemestane in the first-or second-line setting. 32 However, pharmacokinetic data indicated that this was not due to altered drug exposure. 32 The most common AEs in the fulvestrant-exemestane group were grade 2 fatigue, bone pain, and arthralgia. 32 In a randomized, controlled trial in 91 postmenopausal women with HR-positive breast cancer who progressed during or after NSAI therapy, toremifene 120 mg was compared to exemestane 25 mg and found to have a similar CBR (41.3% vs 26.7%; P = 0.14), objective response rate (ORR; 10.8% vs 2.2%; P = 0.083), and OS (32.3 months vs 21.9 months; hazard ratio, 0.60; 95% CI, 0.26-1.39; P = 0.22). However, the PFS with toremifene was longer than with exemestane (7.3 months vs 3.7 months; hazard ratio, 0.61; P = 0.045). 33 Both toremifene and exemestane were well tolerated, with no serious AEs. The most common AEs were nausea, fatigue, and hot flashes. 33 Although endocrine therapies are recommended over chemotherapy for the treatment of patients with advanced or metastatic breast cancer, intrinsic and acquired resistance is a major problem. The sequential use of different endocrine therapies or combining endocrine therapies with targeted therapies is currently the most viable option to prevent endocrine resistance without compromising patient QOL.
Mammalian target of rapamycin inhibitors. Agents that inhibit multiple signaling pathways and targets are in various stages of development, and identifying different subtypes of breast cancer allows for targeted treatment (Fig. 1) . 7, [34] [35] [36] A major mechanism of endocrine resistance is the activation of the phosphatidylinositol 3-kinase (PI3K)/Akt/ mammalian target of rapamycin (mTOR) intracellular signaling pathway. mTOR inhibitors have subsequently been developed to overcome resistance, with promising results observed in patients with advanced HR-positive, HER2-negative breast cancer. Indeed, studies have shown that adding the mTOR inhibitor everolimus to exemestane significantly improves PFS versus exemestane alone in postmenopausal patients with HR-positive breast cancer who experienced recurrence or progression while receiving NSAI therapy. 37 In the phase 3 BOLERO-2 trial, 724 patients were randomly assigned 2:1 to treatment with everolimus plus exemestane or exemestane plus placebo. 38 In the final PFS analysis, median PFS (assessed by the investigator) was 7.8 months with everolimus plus exemestane versus 3.2 months with exemestane plus placebo (hazard ratio for progression or death, 0.45; 95% CI, 0.38-0.54; log rank P , 0.0001). 38 Median PFS (determined via central assessment) was 11.0 months versus 4.1 months for everolimus plus exemestane versus exemestane plus placebo, respectively (hazard ratio, 0.38; 95% CI, 0.31-0.48; log rank P , 0.0001). 38 PFS was improved in both elderly and younger patients. 39 However, everolimus plus exemestane did not significantly reduce the risk of death. 40 Median OS was 31.0 months for everolimus plus exemestane versus 26.6 months for exemestane plus placebo (hazard ratio, 0.89; 95% CI, 0.73-1.10; P = 0.14). 40 Poststudy treatments were received by 84% of patients in the everolimus plus exemestane arm versus 90% of patients in the exemestane plus placebo arm. 40 In patients who had previously received only neoadjuvant treatment, evero limus plus exemestane nearly tripled PFS (as assessed by the investigator) to 11.5 months versus 4.1 months (hazard ratio, 0.39; 95% CI, 0.25-0.62). 41 Adding everolimus to exemestane increased median PFS by 4 months in patients with HR-positive, HER2-negative advanced breast cancer, regardless of the presence of visceral metastases. 42 In the everolimus plus exemestane treatment arm, bone marker levels decreased after 6 and 12 weeks, whereas in the exemestane plus placebo arm, bone marker levels increased. 43 The everolimus plus exemestane arm also had a lower cumulative incidence rate of progressive bone disease than the exemestane plus placebo arm (13.0% vs 18.8%; P = 0.04, Gray's test), despite the less frequent use of bisphosphonates in the everolimus plus exemestane (43.9%) versus the exemestane plus placebo arm (54.0%). 41 Overall, the most common AEs in the everolimus plus exemestane arm (reported in .25% of patients) were stomatitis, rash, fatigue, diarrhea, nausea, decreased appetite, weight loss, and cough versus nausea and fatigue in the exemestane plus placebo arm. 38 The most common grade 3/4 toxicities with the everolimus plus exemestane combination were stomatitis, fatigue, dyspnea, anemia, hyperglycemia, and increase in gamma-glutamyl transferase levels. 38 In addition to its use in combination with exemestane, everolimus is being investigated in combination with other endocrine therapies, such as tamoxifen and fulvestrant. 44 In a randomized, open-label, phase 2 study, the combination of everolimus plus tamoxifen resulted in a higher CBR than tamoxifen alone in patients with HR-positive, HER2-negative metastatic breast cancer resistant to AI therapy. 45 The CBR at 6 months was 61% (95% CI, 47-74) with tamoxifen plus everolimus versus 42% (95% CI, 29-56) with tamoxifen alone. 45 Median TTP was 8.6 months with tamoxifen plus everolimus versus 4.5 months with tamoxifen alone (46% reduction in the risk of progression; hazard ratio, 0.54; 95% CI, 0.36-0.81). 45 The tamoxifen plus everolimus combination was also associated with a survival benefit, with the risk of death reduced by 55% versus tamoxifen alone (hazard ratio, 0.45; 95% CI, 0.24-0.81). 45 The most common nonhematologic AEs that occurred at a substantially higher rate with the tamoxifen plus everolimus combination versus tamoxifen alone were fatigue (72% vs 53%), stomatitis (56% vs 7%), rash (44% vs 7%), anorexia (43% vs 18%), and diarrhea (39% vs 11%). 45 The most common hematologic AEs with the tamoxifen plus everolimus combination and tamoxifen alone, respectively, were decreases in hemoglobin (69% vs 35%), lymphocytes (48% vs 21%), and leukocytes (54% vs 18%). 45 This regimen, as with the exemestane plus everolimus combination, may soon find a place in the first-line setting.
In a small phase 2 study of 31 patients with HR-positive metastatic breast cancer who progressed or relapsed within 6 months of AI therapy, the combination of fulvestrant (loading dose of 500 mg followed by 250 mg in subsequent injections) plus everolimus was associated with a TTP of 7.4 months, ORR of 13%, and CBR of 49%. 46 Most AEs were grade 1/2, and the most common were liver enzyme elevations, anemia, metabolic changes (eg, hyperglycemia, hypercholesterolemia, and hypokalemia), mucositis, and thrombocytopenia. 46 Of note, 32% of the patients in the study were classified as having AI-resistant disease at baseline. 46 The identification of biomarkers that correlate with treatment benefit may help improve the benefit-to-risk ratio of this combination. 46 The use of highdose fulvestrant (500 mg for all injections) may also improve outcomes with the fulvestrant plus everolimus combination.
Clinical studies with everolimus indicate that mTOR inhibitors are a promising class of targeted therapy. The BOLERO-2 trial showed substantial improvement in PFS without compromising patient QOL. As such, the combination of everolimus and exemestane has been approved for first-line use in the treatment of postmenopausal women with HR-positive, HER2-negative breast cancer. The results generated from everolimus trials have led to the development of second-generation mTOR inhibitors.
cyclin-dependent kinase 4/6 inhibitors. Therapies targeting cyclin D1 and cyclin-dependent kinase (CDK) 4/6 have recently been developed for patients with advanced breast cancer. Cyclin D1 and CDK 4 and 6 are critical components of the cell cycle regulatory machinery; in the setting of endocrine resistance they can maintain cell cycle activity independent of the ER. 47 Palbociclib is a highly selective inhibitor of CDK 4/6, which is downstream of signaling pathways that lead to cellular proliferation. 48 In preclinical studies, palbociclib inhibited the growth of ER-positive human breast cancer cells in vitro and restored sensitivity to tamoxifen in resistant cells. 49 In a phase 2 study in 37 patients with histologically confirmed metastatic breast cancer positive for retinoblastoma protein and measurable disease, treatment with palbociclib was associated with a CBR of 19% (two patients with partial responses and five patients with stable disease). 50 The median overall PFS was 3.7 months, but it was significantly longer for those with HR-positive versus HR-negative disease (4.5 months vs 1.5 months; P = 0.03) and for those who had previously received two or more lines of endocrine therapy versus fewer than two prior lines (5 months vs 2 months; P = 0.02). 50 Grade 3/4 toxicities were all due to myelosuppression and included neutropenia (51%), thrombocytopenia (22%), and anemia (5%). 50 The efficacy of palbociclib was evaluated further in the PALOMA-1/TRIO-18 trial, a randomized, multicenter, phase 2 study comparing palbociclib plus letrozole versus letrozole alone in 165 patients with ER-positive, HER2-negative previously untreated advanced breast cancer. 51 Median PFS was 20.2 months (95% CI, 13.8-27.5) for the palbociclib plus letrozole group versus 10.2 months (95% CI, 5.7-12.6) for the letrozole group (hazard ratio, 0.488; 95% CI, 0.319-0.748; P = 0.0004). 51 The most common AEs in the palbociclib plus letrozole group were neutropenia, leukopenia, and fatigue. 51 The incidence of anemia (P , 0.0001) and alopecia (P = 0.0002) was significantly higher in the palbociclib plus letrozole arm than in the letrozole arm. 51 More patients in the palbociclib plus letrozole group (13%) than in the letrozole group (2%) discontinued the study because of AEs. 51 Palbociclib in combination with letrozole recently received accelerated US Food and Drug Administration approval for the treatment of postmenopausal women with ER-positive, HER2-negative advanced breast cancer as the initial endocrine-based therapy for their metastatic disease. 52 The combination of palbociclib and letrozole is being studied further in an ongoing phase 3 trial (PALOMA-2; NCT01740427). 51 Recently, the PALOMA-3 trial, a phase 3 trial of palbociclib plus fulvestrant versus fulvestrant alone in HR-positive, HER2-negative advanced breast cancer (NCT01942135), demonstrated a significant improvement in PFS with the palbociclib plus fulvestrant combination versus fulvestrant alone (9.2 months vs 3.8 months; hazard ratio, 0.42; 95% CI, 0.32-0.56; P , 0.001). 53 The most common AEs ($25%) reported for the palbociclib plus fulvestrant group were neutropenia (78.8%), leukopenia (45.5%), fatigue (38.0%), nausea (29.0%), and anemia (26.1%). 53 In addition to palbociclib, other CDK 4/6 inhibitors are in development, including abemaciclib and ribociclib (LEE011). 34 Abemaciclib is being evaluated in several trials both as monotherapy and in combination with various endocrine agents (eg, AIs, fulvestrant) for advanced ER-positive breast cancer in the first-line setting and after progression on endocrine therapy or chemotherapy. 34 Ribociclib is an investigational CDK 4/6 inhibitor being evaluated in combination with letrozole as first-line treatment for patients with metastatic HR-positive, HER2-negative disease in the phase 3 MONALEESA-2 trial. 54 Preclinical studies have shown that combining ribociclib with PI3K inhibitors may result in synergistic inhibition of tumor cell growth. 55, 56 As a result, triplet combinations with an AI, PI3K inhibitor, and CDK 4/6 inhibi tor are being investigated in the ongoing randomized trials. 54 Similar to everolimus, palbociclib has the potential to be an exciting new therapy in the treatment of advanced breast cancer. A study of the use of palbociclib in combination with endocrine therapies such as letrozole is under way, and the results from the phase 3 PALOMA-2 trial were expected by the end of 2015.
The promising results for palbociclib will likely pave the way for the investigation of other CDK 4/6 therapies.
tyrosine kinase inhibitors. Tyrosine kinase inhibitors (TKIs) are another class of targeted therapy being developed for patients with metastatic breast cancer. Cross-talk between the ER and intracellular growth factor signaling pathways (ie, epidermal growth factor receptor [EGFR], HER2, and insulin-like growth factor 1 [IGF-1]) may lead to endocrine resistance in metastatic breast cancer and provide a rationale for adding TKIs that block these specific pathways. However, studies that have evaluated the addition of TKIs (ie, gefitinib, lapatinib, and bosutinib) to endocrine therapy in patients with HR-positive metastatic breast cancer have shown only modest, if any, benefit and increased toxicities compared to either mode alone. In a phase 2 study of the EGFR TKI gefitinib in combination with anastrozole or fulvestrant in postmenopausal patients with metastatic HR-positive breast cancer, both combination regimens were associated with similar CBR and PFS; however, these rates were not higher than those obtained with single-agent endocrine therapy. 57 In another phase 2 study of postmenopausal patients with metastatic HR-positive disease who had not been treated with endocrine therapy, anastrozole plus gefitinib was associated with longer median PFS than anastrozole plus placebo (14.7 months vs 8.4 months; hazard ratio, 0.55; 95% CI, 0.32-0.94). 58 The CBR for anastrozole plus gefitinib versus anastrozole plus placebo was 49% versus 34%, respectively, but the ORR was 2% versus 12%. 58 The rate of treatment-related AEs was nearly doubled with the anastrozole plus gefitinib combination versus anastrozole plus placebo, with substantially higher rates of diarrhea (63% vs 18%), fatigue (40% vs 26%), rash (37% vs 10%), pruritus (26% vs 10%), dry skin (14% vs 2%), and acne (12% vs 0%). 58 A phase 3 study comparing fulvestrant 500 mg plus the EGFR TKI lapatinib with fulvestrant plus placebo in patients with HR-positive advanced breast cancer treated with prior AI therapy found no difference in OS or PFS between the two regimens. 59 In addition, the lapatinib plus fulvestrant combination was associated with a greater incidence of diarrhea, fatigue, and rash. 59 In an analysis of a phase 3 trial, the addition of lapatinib to letrozole was found to significantly improve PFS compared to letrozole plus placebo (13.6 months vs 6.7 months; P = 0.01) in patients with HR-positive, HER2-negative disease with weak ER expression, but there was no benefit in patients with higher ER expression. 60 Another single-arm study of lapatinib plus letrozole in patients with AI-resistant advanced or metastatic breast cancer suggested some antitumor activity (CBR, 21%) with a good safety profile and found that the combination could overcome resistance to letrozole. 61 In the neoadjuvant setting, adding lapatinib to letrozole has demonstrated feasibility in a clinical setting but limited clinical benefit beyond letrozole alone. 62 The combination of the dual Src/Abl TKI bosutinib plus letrozole was evaluated as first-line therapy in a phase 2 study of 16 postmenopausal patients with locally advanced or metastatic HR-positive, HER2-negative breast cancer but proved to be too toxic, resulting in the early termination of the study. 63 Studies involving gefitinib, lapatinib, and bosutinib in combination with endocrine therapies have not been as successful as those studies involving everolimus or palbociclib in combination with endocrine therapy. Moreover, the incidence of treatment-related AEs and associated toxicities with TKIs has been high. Thus far, data from these studies suggest that other classes of targeted therapies are more effective treatments for patients with metastatic breast cancer.
PI3K inhibitors. PI3K inhibitors are another type of targeted therapy under current investigation. Preclinical modeling studies have shown that estrogen deprivation increased the apoptotic effects of PI3K and dual PI3K/mTOR inhibitors in ER-positive disease, providing a rationale for using PI3K plus AI combinations as first-line therapy for HR-positive advanced breast cancer. 64, 65 Buparlisib (BKM120) is a pan-PI3K inhibitor with a tolerable AE profile that is being studied primarily in combination with other antitumor agents. 66, 67 In a phase 1b study, buparlisib plus letrozole was found to be well tolerated; the most common AEs were gastrointestinal disorders, transaminitis, hyperglycemia, and reversible mood disorders. 68 A CBR (defined in this study as a lack of disease progression for $6 months) of 30% was observed. 68 This combination is being explored further in an ongoing phase 3 trial. In an early phase 1b trial, the investigational agent alpelisib (BYL719), a PI3Ka inhibitor, was evaluated in combination with letrozole in postmenopausal patients with ER-positive, HER2-negative metastatic breast cancer refractory to previous endocrine therapies (18/21 patients had progressed on an AI). 69 The majority of these patients had bone or visceral metastases. 69 The alpelisib plus letrozole combination was found to be tolerable at 300 mg/day and had preliminary clinical benefits: three of 18 patients had partial response and six of 18 patients had stable disease. 69 The results from these early clinical studies using buparlisib and alpelisib in combination with letrozole suggest that PI3K inhibitors have the potential to be a highly effective class of targeted therapy. However, further investigation in phases 2 and 3 is required to confirm the efficacy and safety of these drugs. It is expected that results from additional studies will provide support for the suitability of these agents in the treatment of patients with metastatic breast cancer.
Histone deacetylase inhibitors. Histone deacetylases (HDACs) are the critical regulators of gene expression, and aberrant HDAC expression patterns have been reported in ER-positive breast cancer patients. 70 In preclinical studies, the HDAC inhibitor entinostat has been found to inhibit ER-positive tumor growth and restore hormone sensitivity by downregulating estrogen-independent growth factor signaling pathways, normalizing ER levels, and increasing aromatase enzyme levels. 71 A randomized, double-blind, phase 2 study compared entinostat plus exemestane versus exemestane plus placebo in patients with locally advanced or metastatic breast cancer who had progressed on an AI. 71 The entinostat plus exemestane combination improved median PFS to 4.3 months versus 2.3 months with exemestane plus placebo (hazard ratio, 0.73; 95% CI, 0.50-1.07; P = 0.055 [predefined significance level of 0.10]) and improved median OS to 28.1 months versus 19.8 months (hazard ratio, 0.59; 95% CI, 0.36-0.97; P = 0.036). 71 The most common AEs ($10%) with the entinostat plus exemestane combination were fatigue, nausea, neutropenia, peripheral edema, vomiting, anemia, dyspnea, thrombocytopenia, decreased weight, diarrhea, and pain. 71 Phase 3 primary results for the entinostat and exemestane combination are expected in early 2017 (NCT02115282). 72, 73 Vorinostat, an HDAC inhibitor approved for the treatment of cutaneous T-cell lymphoma, was studied in combination with tamoxifen in a phase 2 study of patients with ER-positive metastatic breast cancer progressing on endocrine therapy. 74 The results showed that the combination was well tolerated, with an ORR of 19% and CBR of 40%, indicating promising activity in reversing hormone resistance. 74 The main toxicities with vorinostat were fatigue, anorexia, neutropenia, lymphopenia, and thrombocytopenia. 74 Vorinostat is also being evaluated in combination with paclitaxel plus bevacizumab chemotherapy. 75 The results from clinical studies involving HDAC inhibitors have been promising. Phase 3 investigations using these agents will confirm whether or not they will be suitable to treat patients with advanced breast cancer.
other strategies. Several other strategies to overcome endocrine resistance have been explored. Ganitumab is a fully 76 However, adding ganitumab to either exemestane or fulvestrant in patients with advanced or metastatic HR-positive breast cancer previously treated with endocrine therapy failed to improve clinical outcomes compared with endocrine therapy alone. 76 Median PFS and ORR were not significantly different between the groups, and OS was significantly lower among those treated with ganitumab. 76 The incidence of most AEs was the same across groups, but thrombocytopenia, neutropenia, hyperglycemia, and fatigue occurred at substantially higher rates among those receiving ganitumab. 76 The combination of fulvestrant plus bevacizumab, a vascular endothelial growth factor inhibitor, was tolerable but did not demonstrate clinical benefit over existing options for patients with metastatic breast cancer previously treated with AIs. 77 Among the 33 evaluable patients, the median PFS was 6.2 months and median OS was 26.9 months. 77 Since the identification of mutations in the BRCA1 gene in patients with breast cancer, significant research has focused on DNA damage, DNA repair, and the cell cycle and their links to breast cancer. 78 Checkpoint kinases 1 and 2 (CHK1/2) are cell cycle regulators that can stop cell division to allow any DNA damage to be repaired. 78, 79 A phase 2 clinical trial (NCT02203513) to investigate the ability of the CHK1/2 inhibitor LY2606368 to shrink tumors in women with breast and ovarian cancer is currently recruit ing patients. 79 The binding of microRNAs (miRNAs) to mRNAs that encode tumor suppressor proteins have been implicated in the transformation of a normal cell to a malignant cell. As such, miRNA inhibitors, which disrupt the interaction between miRNA and mRNA to allow the translation of tumor suppressor proteins, could provide a useful strategy to overcome endocrine therapy resistance.
conclusion
The range of therapies used to treat patients with metastatic breast cancer has increased significantly in recent years. The development of a variety of targeted agents will provide patients with alternative options to chemotherapy. To date, the strategy of adding targeted treatments to first-line therapy in order to delay endocrine resistance and chemotherapy in HR-positive, HER2-negative metastatic breast cancer has not improved OS despite increasing ORR. 81 However, considering the promising results seen with everolimus, palbociclib, and some of the investigational agents in clinical trials, new combinations of targeted agents and endocrine therapies may yield improved results in patients with HR-positive, HER2-negative metastatic breast cancer.
Although current US, European, and Canadian institutional guidelines recommend multiple lines of endocrine therapy for ER-positive, HER2-negative advanced or metastatic breast cancer, many patients are instead treated with chemotherapy first and many others receive only a single endocrine therapy before being switched to chemotherapy. Evidence suggests that multiple lines of endocrine therapy can be effective, particularly if additional targeted agents are added to overcome or delay the development of endocrine resistance. Continuing endocrine therapy through multiple lines of treatment allows the clinician to delay chemotherapy in patients with HR-positive, HER2-negative advanced or metastatic breast cancer and maintain patient QOL by minimizing treatment toxicities. In the future, the approval of more targeted drug therapies will provide clinicians with a greater variety of nonchemotherapybased treatments to choose from. As the overall number of therapies approved to treat metastatic HR-positive, HER2-negative breast cancer increases, it is anticipated that the need to use chemotherapy will be significantly reduced.
